The preparation of the key intermediate for spin labeling, 4-hydroxy-2,2,6.6-tetramethylpiperidine-l-oxyl (2), was reinvestigated using sodium tungstate or phosphotungstic acid with or without either Trilon or Triton B. A two-fold and a 3.5-fold molar excess of a 30% aqueous hydrogen peroxide solution was used. The oxidation of 4-hydroxy-2,2,6,6-tetramethylpiperidine (1) with a two-fold molar excess of a 30% aqueous hydrogen peroxide solution in the presence of sodium tungstate alone, under vigorous stirring for two hours, is the superior method (A) for the preparation of 2 in virtually quantitative yield.
The first preparation of the stable free radical 4-hydroxy-2,2,6,6-tetramethylpiperidine-l-oxyl (2), a key intermediate in spin labeling work 1 , was reported by ROZANTSEV in 1964 2 > 3 . The preparation of 2 by oxidation of 4-hydroxy-2,2,6,6-tetramethyl-1 2 piperidine (1) with a nearly two-fold molar excess of a 30% aqueous hydrogen peroxide solution in the presence of sodium tungstate (Na2W04) and Trilon B (tetrasodium salt of ethylenediamine tetraacetic acid) was reported 2 < 3 to require five days at room temperature. Presumably, the purpose of Trilon B was to complex with the trace metal ions which might be present as impurities and thus might catalyze the unwanted decomposition of hydrogen peroxide 3 -4 . In 1965, BRIERE and coworkers 5 described a shorter (2 h) preparation of 2 from 1 using a nearly 3.5-fold molar excess of a 30% aqueous hydrogen peroxide solution, with phosphotungstic acid as catalyst. In 1973, we reported 6 an improved yield of 2 after extending the reaction time for the oxidation from 5 to 9 days. We now feel that this improvement of yield was due solely to the utiliza- tion of piperidine (1) of high purity and not to the extension of the reaction time. Subsequently, we also have been using Triton B (N-benzyltrimethylammonium hydroxide) in place of Trilon B with less satisfactory results (see Table I ).
We now wish to report that the oxidation of 1 is markedly affected by the rate of stirring, type of catalyst, and quantity of hydrogen peroxide used. Virtually quantitative yields of 2 are obtained after 2 hours with continuous stirring of the reaction mixture with only sodium tungstate as catalyst and with a two-fold excess of 30% aqueous hydrogen peroxide. The reaction is markedly decelerated if only occasional agitation is used, since under the latter conditions, even after 20 hours, 3% unreacted 1 is recovered. Addition of either Triton B or Trilon B in this case accelerates the unstirred reaction so that in 4 hours virtually quantitative 2 is obtained. The more expensive phosphotungstic acid is a less effective catalyst. Thus, in 2 hours, with occasional agitation, 45% of unreacted 1 is recovered. With continuous stirring, the amount of 1 recovered in the same period of time is reduced to 14%, and to 10% after 4 hours. In fact, 8 hours are needed to complete the reaction.
Unlike with sodium tungstate, Triton B and Trilon B both appear to retard the action of phosphotungstic acid, the latter less so than the former. With the two-fold excess of hydrogen peroxide, all reactions with both phosphotungstic acid and either Triton B or Trilon B are incomplete after 4 hours. With a 3.5-fold excess of hydrogen peroxide, the reaction in the presence of phosphotungstic acid, known 5 to be complete in 2 hours, is markedly decelerated by addition of Triton B and Trilon B. Only after 20 hours is the reaction with Trilon B and phosphotungstic acid complete, while the same reaction with Triton B still contains 13% unreacted starting material. With a 3.5-fold excess of hydrogen peroxide, sodium tungstate proved to be as effective a catalyst as the more expensive phosphotungstic acid.
All incomplete reactions produce 2 of inferior quality, as evidenced by the lowering of melting points, due to the difficulty in removing last traces of unreacted 1. In summary, the best method for the preparation of 2 in 98% yield involves the oxidation of 1 with a two-fold excess of 30% aqueous hydrogen peroxide in the presence of sodium tungstate under vigorous stirring over a period of 2 hours.
Experimental
Materials: The melting points are uncorrected. The purity of 2 was verified by mixture melting points (Table I ). All reagents are of the finest quality commercially available. Piperidine (1) was prepared by the reduction 7 of triacetone amine 8 -9 . Recrystallization of the material from acetone afforded 1, m.p. 131-132 °C. Distilled water was used in all experiments.
Preparation of 4-hydroxy-2,2,6,6-tetramethylpiperidine-l-oxyl (2)
Method A : A solution of 15.0 g (0.096 mol) 1 in 200 ml distilled water, 25 ml 30% aqueous hydrogen peroxide (0.2 mol) and 0.6 g sodium tungstate was vigorously stirred for 2 h. The solution was then saturated with either anhydrous sodium or potassium carbonate and the mixture extracted with ether until the organic layer became colorless. The combined ether extracts were dried over magnesium sulfate and the drying agent removed by filtration. The filtrate was concentrated to dryness. The remaining solid was recrystallized from a mixture of cyclohexane and benzene. There was obtained 16.0 g (98%) 2, m.p. 69-70 °C; m.m.p. 69-70 °C, lit. 2 -3 m.p. 71.5 °C.
Method B : As described in (A), the reagents were combined and either stirred or occasionally agitated for various times as indicated in Table I . In place of sodium tungstate alone as catalyst there were used: i) sodium tungstate and Trilon B, ii) sodium tungstate and Triton B, iii) 0.4 g phosphotungstic acid, iv) 0.4 g phosphotungstic acid and Triton B, v) 0.4 g phosphotungstic acid and Trilon B, and vi) sodium tungstate with little stirring. Identical results were obtained with 0.6-1.0 g Trilon B and 0.6-1.0 g sodium tungstate.
All reactions going to completion were worked up as described in Method A. The solid concentrate from all incomplete reactions was treated with 30 ml benzene and filtered to remove unreacted starting material. The filtrate was concentrated once again to dryness. The solid was recrystallized from a mixture of cyclohexane and benzene. The amounts of unreacted 1 and product 2 are indicated in Table I .
Method C:A solution of 15.0 g (0.096 mol) 1 in 135 ml of distilled water and 38 ml 30% aqueous hydrogen peroxide (0.35 mol) in the presence of i) phosphotungstic acid and Triton B, ii) phosphotungstic acid and Trilon B, and iii) sodium tungstate alone was occasionally agitated for the times indicated in Table I . After the workup as described in either (A) or (B) there was obtained pure 2 or 2 contaminated with unreacted 1 in the amounts indicated in Table I . This investigation was supported by a grant from the Graduate School of the University of WisconsinMilwaukee.
